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1)	  SEPs	  charge	  the	  
subsurface,	  se@ng	  up	  a	  
capacitor-‐like	  situa6on	  
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…	  electric	  field	  can	  increase	  to	  
threshold	  for	  dielectric	  
breakdown	  (106-‐107	  V/m)	  

Budenstein [1980]	  

If	  SEPs	  charge	  regolith	  faster	  
than	  it	  can	  discharge	  
(fluence	  of	  1010-‐1011	  cm-‐2)…	  
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Colder	  regolith	  à	  lower	  conduc6vity	  
à	  more	  charging	  
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What	  can	  breakdown	  weathering	  do?	  
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Weathering	  
process	  

Energy	  flux	  
(J	  m-‐2	  yr-‐1)	  

Vapor	  +	  melt	  
producNon	  
(kg	  m-‐2	  yr-‐1)	  

%	  Gardened	  soil	  
melted	  or	  
vaporized	  

Meteorites	   12	   1.8	  x	  10-‐7	   ~10%	  

Breakdown	   0.88	   1.8	  –	  3.4	  x	  10-‐7	   ~10-‐25%	  
Jordan	  et	  al.	  (under	  review)	  

Breakdown	  weathering	  may	  be	  comparable	  
to	  meteori6c	  weathering	  in	  PSRs	  

Energy	  density	  needed	  
to	  vaporize	  all	  regolith:	  
ρreg	  cp	  (Tvapor	  –	  TPSR)	  =	  
7.3	  x	  109	  J	  m-‐3	  

Energy	  density	  deposited	  
over	  106	  yr	  of	  exposure	  
(106	  SEP	  events):	  
8.8	  x	  108	  J	  m-‐3	  
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Impact	  model	  of	  soil	  evolu6on	  (McKay	  et	  al.,	  1974):	  
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What	  probably	  happens	  
(need	  experiments):	  

What	  we	  model	  as	  happening:	  
Breakdown	  
channel	  



Breakdown	  
vaporizes	  
channels	  

Expanding	  gas	  fragments	  
some	  grains;	  vapor	  

deposited	  on	  other	  grains	  

Recube	  
new	  grains	  



Preliminary	  Results	  
Star6ng	  par6cle	  size:	  100	  μm	  
Input	  breakdown	  energy:	  109	  J	  m-‐3	  



Impacts	  could	  
spread	  breakdown-‐
affected	  regolith	  to	  
lower	  la6tudes.	  

~0.01%	  of	  all	  
gardened	  regolith	  
may	  have	  experienced	  
breakdown,	  but	  only	  a	  
frac6on	  of	  this	  would	  
make	  it	  to	  lower	  
la6tudes.	  

Breakdown	  may	  
occur	  on	  the	  
nightside,	  which	  
can	  be	  <	  100	  K.	  

If	  so,	  3-‐6%	  of	  all	  
gardened	  regolith	  may	  
have	  experienced	  
breakdown.	  

Is	  it	  in	  
Apollo	  
samples?	  



Conclusions	  
•  Breakdown	  weathering	  in	  PSRs:	  

–  may	  produce	  vapor/melt	  comparable	  to	  
meteori6c	  weathering	  

–  may	  have	  affected	  10-‐25%	  of	  gardened	  
regolith	  

–  may	  help	  drive	  comminu6on	  
•  Need	  experiments!	  

Ques6ons	  
•  How	  would	  meteori6c	  +	  breakdown	  comminu6on	  affect	  soil?	  
•  Could	  LRO	  or	  ground-‐based	  instruments	  detect	  breakdown?	  
•  Could	  material	  that	  has	  experienced	  breakdown	  be	  in	  Apollo/

Luna	  samples?	  
•  Does	  breakdown	  affect	  other	  airless	  bodies,	  like	  Mercury?	  


